Abstract. This work presents the results of a spectroscopic study in the optical and near infrared region of the symbiotic star Hen 1761. Relative fluxes and radial velocities of emission and absorption lines are obtained on the basis of low, intermediate and high resolution spectra. Our observations show that this scarcely studied object underwent very important spectroscopic variations in the interval 1990-1995. The observed variations are quite similar to those of symbiotic stars where accretion events on a hot dwarf are responsible for an eruptive behavior. Some of the physical parameters of the system are derived.
Introduction
Hen 1761 [α(2000.0 
) = 19
h 42 m 25. s 9; δ(2000.0) = −68
• 07 41 ] is a symbiotic star about which several papers have been published although the knowledge of this system is still very poor indeed. The star was mentioned for the first time by Mayall (1951) , as a new peculiar object and Thackeray (1954) classified it as a symbiotic star. He detected emission lines of H i, He i, He ii λ4686, C ii, C iii, N iii, [O iii] ; the presence of Fe ii being uncertain. The continuum, stronger in the red, showed moderate TiO molecular bands but the presence of atomic absorption lines was
Send offprint requests to: E. Brandi Based on observations taken at Complejo Astronómico El Leoncito (CASLEO), operated under an agreement between the Consejo Nacional de Investigaciones Científicas y Técnicas de la República Argentina, the Secretaría de Ciencia y Tecnología de la Nación and the National Universities of La Plata, Córdoba and San Juan. very doubtful. According to Glass & Webster (1973) , the infra-red energy distribution of Hen 1761 corresponded to that of an M star. Allen (1980) , classified the late-type component as M3 on the basis of infra-red spectroscopy at 2 µm and a distance of 1.4 kpc was estimated. The first published optical spectra of Hen 1761 was shown by Allen (1984) in his Catalogue of Symbiotic Stars. Allen (1982) discards the presence of circumstellar dust because of the colour indices J − K and H − K and considers the object as a S-type symbiotic. Hen 1761 was found to have undergone very important photometric ) and spectroscopic (van Winckel et al. 1993) variations. Since Thackeray's report, written more than forty years ago, the above mentioned authors and Wright & Allen (1978) ; Lund & Tuvikene (1987) ; Kenyon (1986) ; Kenyon et al. (1988) ; Schulte-Ladbeck et al. (1990) and Whitelock & Munari (1992) , have included Hen 1761 together with other symbiotic stars in different researches but the present paper is devoted in particular to this object with the aim of presenting and discussing recent spectroscopic data.
Observations
The spectroscopic observations were carried out with the 2.15 m telescope at the Complejo Astronómico El Leoncito, CASLEO (San Juan, Argentina). Medium-low resolution spectrograms were obtained with a Boller & Chivens spectrograph using a photon-counting Reticon, called Z-Machine, during 1990 and 1991 and a Thompson CCD (500×592 pixels) in 1992. Since 1994 high resolution spectrograms were obtained with a REOSC echelle spectrograph using a Tek CCD (1024×1024 pixels). A log of the observations is shown in Table 1 .
Details about the Z-Machine observations and data reduction procedures were given by Barbá et al. (1992) . The CCD data were reduced with standard IRAF 1 packages, CCDRED and ONEDSPEC and all the spectra were measured using the SPLOT task within IRAF.
To obtain the flux calibration, standard stars from Stone & Baldwin's (1983) and Baldwin & Stone's (1984) lists, were observed each night. An analysis of the flux calibration errors, by flux comparisons of the standard stars, shows that they may be estimated at about 15% for the Z-Machine images, 5% for the Thomson CCD images and 20% in the central part of each order for the REOSC echelle images. However, it must be kept in mind that true flux errors are largely dependent on the tracing of the continuum and the emission line strengths.
Analysis

Spectral variations
In the spectra of Hen 1761 we confirm the presence of emission lines of H i, He i, fluxes indicated in units of 10 −13 erg cm −2 s −1Å−1 . As seen in Fig. 1a , numerous TiO molecular bands are present in the red region and the Raman scattered O vi emission lines at λ 6825Å and λ 7082Å (Schmid 1989) are not detected in Hen 1761. The flux ratios of the most important emission lines for the different observing runs, scaled with respect to Hβ = 100, are given in Table 2 . The estimated error in the determination of the integrated emission line fluxes is in the order of ±10% for strong emission lines and ±25% for weaker lines. The fluxes are not corrected for reddening.
We can see in and Fe ii λ5018Å lines in time scales of several months. In our spectra Hα is slightly asymmetric on the blue side and a weak central absorption is more noticeable in August 1995. Otherwise, the shape of the Hβ profile undergo important changes along the time (see Fig. 4 ). In August 1990 the profile has a symmetrical appearance but a double-peaked profile can be observed in the image of November 1990, being the radial velocity of the central absorption of 49 km s −1 . Hβ becomes a single emission with an asymmetry on the blue wing, few months later, in April 1991. An incipient central absorption is observed in August 1995.
In the blue region of the spectra the Ti ii lines are in absorption in August 1990, then they practically disappear in November 1990, and in April 1991, are visible as weak emissions. Later, up to the last observations, these lines are present as absorptions. Figure 3b shows the dramatic variations when the absorptions are filled by emissions.
In 1994 double peak profiles of [Fe vi] λ4967Å λ4972Å and λ5176Å as well as [Ca v] λ5309Å appear in the spectrum. Then, in 1995 these lines become stronger and other forbidden lines of higher ionization, like [Fe vii] λ5721Å and λ6087Å can be detected.
In order to establish the behavior of the continuum as function of a time, we have chosen to measure fluxes in 50Å bands centered at 4895 and 6975Å since these spectral ranges are free of important emission lines. The respective fluxes have been converted into a color index CI = m 4895 − m 6975 = −2.5 log F 4895 /F 6975 listed in Table 4 . In Fig. 2b we can see that the system is much bluer during August-November 1990 and later, in July 1992 the red continuum becomes stronger.
From 1990 to 1992 the spectra are dominated by many narrow absorption lines which were identified more frequently as Fe i and Ti i. Moreover, other absorption lines of neutral and once ionized metals, e.g. Ca i λ4227Å Ni i, Cr i, Na i, O i, V i, Ca ii and Ni ii are also present. 
Radial velocities
A complete summary of the heliocentric radial velocities of Hen 1761 are given in Table 3 . The individual emission and absorption lines have been measured by fitting a Gauss function to the profiles. The average values of the radial velocities, the corresponding mean errors and the measured line number within brackets are indicated for differents epochs.
The radial velocities have also a variable behavior with time. The Fig. 2d shows the radial velocity curves corresponding to the high ionization potential ions, He ii and [O iii], while the Fig. 2e shows those of the low ionization potential ions H, He i and Fe ii separetely. The largest amplitudes of the radial velocity curves and a systematic decrease from August 1990 to April 1991 is observed in the first figure.
Radial velocities of several Balmer lines, Hα to H9, can be measured in two epochs, 1992 and 1994, except for H8 since it is affected by blending with the He i λ3888Å. A regression of the Balmer series radial velocities increasing towards the first members of the series may be an evidence that the lines are emitted in an expanding region with a finite optical thickness in these lines.
The singlet and triplet series of the He i lines are shown separately in Table 3 . Their radial velocities show differences which are more noticeable in the Echelle spectra, 17 km s −1 in October 1994 and 14 km s −1 in August 1995, the triplet emission lines being redshifted with respect to the singlet ones.
In the case of [Fe vi], three double peaked lines λ4967Å, λ4972Å and λ5176Å are measured in August 1995. The mean radial velocities of each peak are 68 ± 8 km s −1 and 109 ± 4 km s −1 respectively.
Classification of the cool component
The spectral classification of the cool component was based on the TiO optical molecular-band strengths at λλ 6180 and 7100Å as proposed by Kenyon & Fernández-Castro (1987) . We adopted the calibration of the [TiO] 
A 64 ± 5(2) 25 : ±4(2) 88 ± 13(2) 80 ± 22(2) 55 ± 1(2) 59 ± 0(2) (7) 49 ± 4(7) 49 ± 4(7) 58 ± 3(3) 59 ± 3(8) 44 ± 6(5) Ti ii A 6 5 ± 4(9) 72 ± 9(3)(E) 89 ± 5(12) 56 ± 4(19) indices with the spectral types of M giants given by these authors and both indices, indicating that the first index is more affected by the contribution of the hot component. In the case of the 1992-1995 observations, the fluxes were measured separately in each spectra to obtain, for each epoch, the mean indices with their respective internal mean errors.
In Table 4 we can see that the spectral type of the cool star gets increasingly later during the period of our observations. This behavior could be interpreted either as a heating suffered by the giant during the first observations or as the result of variations in the blue continuum. Figure 2c shows variations of the depth of TiO absorption bands in connection with the local continuum level. Two strong absorption bands at λ4954 and λ6159 have been measured (see Table 4 ), and we notice that the relative depth of each band increases at the time the spectral type of the giant becomes later, but the amplitude of these variations seems to be more important toward the shorter wavelengths. Besides, if we consider the behavior of the color index CI = (m 4895 − m 6975 ) (Fig. 2b) we may conclude that the observed changes in the spectral type of the giant are the result of a dilution effect of an additional blue continuum, coming from the hot source and veiling the M spectrum. The influence of the blue continuum was decreasing in time, as it is shown in the Figs. 2b and c. Consequently we might consider that the spectral type of the cool component in Hen 1761 is as later as M5 III and according to the published near-infrared data from 1972 (Glass & Webster 1973) and 1990 , no change is registered in the IR colors, specially in the K and L bands.
Reddening and distance
Before deriving the physical parameters of Hen 1761, it is important to determine the interstellar extinction and distance of the system. We present several ways to determine the reddening, adopting in all the cases, the interstellar extinction curve given by Savage & Mathis (1997) .
The Balmer decrement provides a good reddening diagnostic considering that the optical H i recombination lines are formed under case B conditions. But this is not the case in the majority of the S-type symbiotic stars, which show significant departures from case B in the lower Balmer series members, due to self-absorption effects. Netzer (1975) has computed the self-absorption effects on hydrogen line intensities in dense nebulae, as functions of Ly-α and Hα optical depths (τ α , τ Hα ). By using his results and comparing them with the mean values of our intensity ratios observed in August 1992, October 1994 and August 1995, I(Hα)/I(Hβ) = 5.4 ± 1.0; I(Hγ)/I(Hβ) = 0.37 ± 0.05; I(Hδ)/I(Hβ) = 0.22 ± 0.07; we can derive E(B − V ) = 0.26 ± 0.04, corresponding to τ Hα ∼ 20 and τ α = 10
4 , and densities of n e = 10 9 cm −3 . The upper Balmer series members have nearly constant intensity Brocklehurst (1971) for T e = 10 000 K and n e = 10 6 cm −3 . Since the near infrared colors of the M star have remained virtually constant in Hen 1761, reddening migh also be obtained from the JK photometry and the spectral type of the cool component. By combining the observed (J − K) colour index , with intrinsic colors given by Bessell & Brett (1988) , and considering that the cool component is a normal M5 giant, we obtain E(B − V ) = 0.20. Then a distance of d ∼ 2.2 kpc is Whitelock & Munari (1992) found that many of Stype symbiotics have IR characteristics very similar to those of nonsymbiotics M-giants of the Galactic bulge. Tacking into acount this considerations, a color excess E(B − V ) = 0.73 was obtained by comparing the observed (J − K) colour index with the intrinsic colors given by Frogel & Whitford (1987) for a bulge M5-giant. Considering the distance modulus to the galactic center, 14.43 mag (Tiede et al. 1995) and the K magnitude given by Frogel & Whitford (1987) , we estimate M K = −5.2 and A K = 0.28. A distance of d ∼ 1.3 kpc is obtained in this case. The reddening resulting when we consider the giant of the Hen 1761 as belonging to the galactic bulge, E(B − V ) = 0.73, conduces to a high reddening, A V = 2.3 mag. Consequently the intrinsic colors (H − K) would be correlated with earlier spectral type ∼ M0 − M2 (see Figs. 7a and 7b Whitelock & Munari 1992) , and this is inconsistent with our considerations about the spectral type of the cool star. While the reddening estimated for the H i line emissions is very similar than that derived by comparing the J − K colors observed in Hen 1761 with those for normal giants. This means that the cool component is as reddened as the nebular region of the system. Circumstellar dust around the giant is not important, as usual in S-type symbiotic systems. In this sense, the IRAS data for S-type symbiotic stars (Kenyon et al. 1988 In the next sections we will correct the line fluxes for interstellar reddening adopting the values: E(B − V ) = 0.20 and A V = 0.6.
Hot component
The temperature of the hot component has been estimated from the intensity ratios of the H i, He i and He ii recombination lines under certain assumptions (Kenyon (1986) and references therein). We give in Table 5 , the temperatures of the hot component T h for each epoch of observation, by using Iijima's method and the de-reddened flux ratios of (He iiλ4686)/Hβ and (He iλ4471)/Hβ.
The T h in turn leads to a crude estimation of the blackbody luminosity and radius of the hot star from H i, He i and He ii recombination line fluxes assuming theoretical emissivities of case B (Harman & Seaton 1966) , adopting T e = 10 000 K and our estimation of distance d ∼ 2.2 kpc.
Nebulae
We are constrained to estimate physical conditions in the nebulae of Hen 1761 with the emission lines observed in the optical region. The most popular line ratio that has been used for the determination of T e and n e is [O iii] [I(4959)+I(5007)]/I(4363). When it was possible to measure the three [O iii] emission lines in our spectra, the dereddened intensity ratio increased slightly from 2.2 in August 1992 to 2.5 in October 1994 and to 2.9 in August 1995, which corresponds to T e = 10 000 K, using the Kafatos & Lynch (1980) diagnostic diagram and the corresponding densities between n e = 6 10 7 −3 10 7 cm −3 have been calculated on the basis of Seaton's (1975) relation.
In a large sample of galactic symbiotic stars, Proga et al. (1994) found that, besides distinguishing between S and D type symbiotics, the He i λ6678/λ5876 ratio provides an useful tool for approximating the physical conditions within the nebulae. The I(λ6678)/I(λ5876) ratio in Hen 1761 is > ∼ 0.5 which corresponds to a S-type symbiotic. Some comments on the position of our object in the I(λ6678)/I(λ5876) vs. I(λ7065)/I(λ5876) diagram may be worthwhile. In Fig. 5 we can see that the positions of the points fall near Proga et al.'s models for n e ∼ 10 10 cm −3 and temperature 10 000 K. The figure shows also that the line ratios appear to be variable, increasing with decreasing n e since 1990 to 1995. Proga et al. found that the I(λ6678)/I(λ5876) ratio variations are, in most systems, correlated with V , in the sense that lower intensity ratios seem to be associated with optical maxima, either during an eruption when the system changes from quiescence to an outburst stage (i.e. RS Oph) or as a function of the photometric phases along an orbital motion (i.e. V443 Her, AG Peg). It is not clear at the moment which is the case of Hen 1761, and it would be necessary to ascertain the origin of the observed variations first. The [Fe vii] lines at λλ 4942, 4989, 5159, 5721 and 6087Å, are the higher ionization forbidden lines found in Hen 1761 in the spectra of 1995. Nussbaumer & Storey (1982) give relative intensities of [Fe vii] lines as a function of the electron density and electron temperature in the region where these lines are formed. Our dereddened values of the optical line ratios 5159/6087 and 4942/6087 are 0.63 and 0.20 respectively. The first one is larger than the maximum theoretical values presented by Nussbaumer & Storey but the second line ratio suggests that the [Fe vii] lines are emitted in a region where the electron temperature is very high, T e > ∼ 60 000 K and the density is in the order of n e = 10 7 cm −3 . Some considerations about the observed variations in the physical conditions in the nebulae of Hen 1761 will be made in the next sections.
Discussion
The timescale of some of the variations is probably very short, one month at least (July and August 1990) according to our observations. Moreover, taking into account Munari's et al. photoelectric observations performed two weeks before our spectroscopic observations of July/90, variations of ∆U = 0.17 mag, ∆B = 0.09 mag, ∆V = 0.05 mag, ∆R = 0.02 mag and ∆I = 0.01 mag occur from one night to the next one, tending to increase the photometric gradient with decreasing wavelength and can thus be associated with the hot component. These rapid photometric variations or "flickering" effect are observed in other symbiotic systems with low hot component luminosities and it is usually interpreted as some measure of fluctuations in the accretion rate (Dobrzycka et al. 1996) .
On the other hand, there are variations that seem to take place in Hen 1761 in a longer timescale. [O iii]λ5007Å was present on the spectra obtained in 1988, it disappeared in 1989 and later since 1990, together with the other high-excitation emission line He iiλ4686Å, displayed important changes in the relative fluxes, reaching a minimun in 1991 and then, increasing until 1995. If we assume that the [O iii] lines arise from an homogeneous nebula with T e = 10 000 K and electron density of n e = 10 7 −10 8 cm −3 , the size of the [O iii] emitting region can be calculated (Mikolajewska 1985) . For a mean unreddened flux of the λ5007 line, F (5007) = 1.85 10 −12 erg cm −2 s −1 , and adopting the distance d = 2.2 kpc, we obtain a range for the radius of the nebula of 4 to 7 AU. If a typical binary separation of 2 AU for S-type symbiotic stars (Kenyon 1986; Schmid 1995 Kenyon (1986) the symbiotics that have noticeable [Fe vii] emissions and no trace of λλ 6825, 7082Å, are likely candidates for an accreting main sequence star as the hot source.
Conclusions
We summarize our study by saying that Hen 1761 is an S-type symbiotic star with important spectral variations. Some of the spectral changes can be explained if we consider that Hen 1761 has to go through outburst and quiescence stages, in the case that the system contains a red giant star M5 and a hot white dwarf with an accretion disk, which powers the activity of the system. Unfortunately, it is not possible to specify both stages due to the lack of a light curve following the spectral changes. During the activity in 1990-91 the spectrum shows the characteristic outburst properties as is somtimes observed in symbiotic stars: the presence of H i, He i, emission lines are present as much as the He ii ones, during both phases but their intensities are increasingly noticeable on our quiescent observations. The variability of the He i intensity ratios presented in Fig. 5 suggests that the outburst produces changes in the density of the nebula where these lines are formed.
Other spectral variations are observed in Hen 1761 due perhaps to orbital motion or associated with the flickering activity. In order to separate the causes of the variations, a series of photometric and spectroscopic observations are necessary. Thus, it would be very important to analyse the UV spectrum of Hen 1761 with the aim of learning more about the nature of the hot component and confirming the existence of an accretion disk.
